Oxygen transfer properties of a bioreactor for use within a nuclear magnetic resonance spectrometer.
Nuclear magnetic resonance (NMR) spectroscopic analysis of whole cells is an important emerging technique for noninvasive and nondestructive monitoring of cell physiology. However, this technique requires extremely high cell densities. Attempts to maintain densities above the carrying capacity of a maintenance system result in the demise of the entire culture. To define conditions for maintaining mammalian cells at high densities for NMR studies, we have designed a bioreactor to operate under defined, oxygen-limited conditions within an NMR spectrometer. The bioreactor utilizes hollow fibers to deliver nutrients and remove wastes from an agitated cell suspension. The mass transfer properties of the fibers with respect to oxygen were determined. Ehrlich Ascites Tumor (EAT) cells were supplied with glutamine as the respiratory carbon source. The maximum viable cell density supported by a given oxygen concentration in the fluid flowing through the fiber lumen was predicted and then confirmed experimentally on the bench and in the spectrometer.